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FIRST SECTION

INTRODUCTION

The following methods are used for analysis of iron, copper.
zinc, manganese, molybdenum and boron in foliage in the Soils and
Biochemistry Laboratory Service, PYRC. They may be changed as the need
arises and methods for analysis of other elements may be added. Methods
for analysis of foliage and soil are found in previous Information
Reports (McMullan 1971, 1972).

Sample Preparation

Extreme care must be taken to avoid contamination of samples.
Samples should be placed in acid-washed glass bottles after collection.
and freeze-dryed as soon as possible. If freeze-drying is not possible.
they should be spread thinly in a stainless-steel forced-drought oven
and dried at not more than 700C, or loss of boron may occur. Dried
twigs and foliage are ground in a mortar and pestle with liquid nitrogen.
Wood may be cut into slivers with a stainless-steel blade and ground in
the same manner. Since relatively large sub-samples must be used for
trace analysis, the samples need only be ground to pass a 2-mm sieve.
Ground samples are placed in acid-washed glass vials and refreeze-dried
to remove any water picked up during grinding.

Ashing Samples for Trace Analysis

Before analysis, organic matter is removed by ashing in a
muffle furnace. The muffle furnace is vacuumed between ashings and
covered crucibles are used to avoid contamination during ashing.
Platinum crucibles are recommended to avoid retention of some elements
on the crucible and contamination of samples with elements retained from
previous ashings (A.O.A.C. 1970). Samples may also be ashed in new well
glazed porcelain, Vycor or fused-quartz crucibles, provided an occasional
sample is ashed in a platinum crucible as a check for loss of elements or
contamination. Samples high in iron may damage platinum crucibles by
forming an alloy with platinum. Samples ashed in platinum crucibles are
first raised to 40QoC with free access of air to burn off most of the
organic matter without damaging the crucible. This is accomplished by
heating on a hot plate. or with a radiant heater or bunsen burner, until
the sample chars but does not ignite. The ashing is then completed as
with other crucibles. Crucibles are acid-washed and rinsed thoroughly with
distilled water between ashings. Newer porcelain crucibles may be
re-glazed by putting the acid-washed. rinsed crucibles in the muffle
furnace. raising the temperature to 900oC, then turning the power off and
letting the temperature fall. with the door closed. If the glaze remains
dull after treatment, the crucibles should no longer be used for trace
analysis. The crucibles used for trace analysis should not be used for
other analyses. Two blank crucibles should be included in all ashings and
carried through all subsequent procedures.
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Summary Table

The following table outlines the elements which may be analyzed
in the same sample, Bnd the sample sizes that are required. Details are
found in the text. as indicated.

Second Section

Samples dry eshed

Alternatively,

I. Duplicate 5 g samples for
Fe
Mn
Zn
Cu - if ,. 3 ppm
}Io- " > 0.5 ppm
(K, Ca, Mg - after dilution)
or,

2. Duplicate 10 g samples for
above analyses, if
Cu - 1 to 3 ppm
Me - 0.2 to 0.5 ppm
or,

3. Duplicate 5 g samples for
Fe
Mn
Zn
(K. Ca. Mg - after dilution)

plus (a) either - Duplicate 15 g samples for
Mo - if 0.1 to 0.2 ppm

or - Duplicate 30 g samples for
Me - if <0.1 ppm

and (b) - Duplicate 10 g sample for
Cu - if <1 ppm

References

'!bird Section

Samples eshed with Ca(OH)Z

Duplicate 2 g samples for
Bo
(P-after dilution)

Association of Official Analytical Chemists. 1970. Official Methods of
Analysis. 11th edition. ed. W. Horowitz 1015 pp. Pub. A.G.A.C.,
Washington.

McMullan. E.E. 1971. Methods of analysis. soils biochemistry laboratory
service. Can. Dept. Fish. For. Information Rep. BC-X-50.
49 pp.

McMullan. E.E. 1972. Methods of analysis. soils and biochemistry laboratory
service, Part II. Can. For. Service Information Rep. BC-X-67.
56 pp.
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SECOND SECTION

Iron. manganese. zinc, copper and molybdenum

Iron. manganese. zinc, copper and molybdenum may be determined
1n samples dry-ashed at 4500C. An aliquot of the solution of the ash may
be diluted for analysis of potassium, calcium and magnesium. (Phosphorus
may be determined in samples 8shed with calcium hydroxide.) If zinc 1s
not to be determined, samples may be eshed at 480oC. If both zinc and
potassium are not to be determined. samples may be 8shed at 550cC.

Sample Size

Duplicate S-g samples may be used for all analyses, if copper
is expected to be greater than 3 ppm, and if Mo is expected to be greater
than 0.5 ppm. Duplicate 10-g samples may be used for all analyses, if
copper is expected to be 1 to 3 ppm, or if Mo is expected to be 0.2 to
0.5 ppm. If copper is expected to be less than 1 ppm. separate duplicate
samples must be ashed for copper only (see p. 6); duplicate 5-g samples
are ashed for other analyses. If Me is expected to be less than 0.2 ppm
separate samples are ashed for Me only (see p 8) and duplicate 5-g
samples are ashed for other analyses.

Reagents and Materials

(I) 2N HCl

- 172 m1 of
(Caution:

(2) .01 N HCl

cone. (36%) HCI diluted
When diluting add acid

to I L with
to water)

double distilled H20.

- 0.86 m1 of cone. 06%) HCI diluted to 1 L with double distilled H
2
0.

(3) Standard Solutions

Using salts which have just been freeze-dried overnight. trans
fer the following weights to I L volumetric flasks and make to
volume with double distilled water. These then contain 1000 ppm
of the significant element.

Element

Copper
Iron
Manganese
~lybdenum

Zinc

Weight

2.51180 g
4.84001 g
3.60243 g
1. 840225 g
4.39865 g

Salt
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Using the diluting table below, make standards containing the
following concentrations:

Copper:
Iron:
Manganese:
Molybdenum:

Zinc:

0.1. 0.2, 0.4, 0.6, 1.0 ppm
I, 4, 10, 20, 30, 50 ppm
1, 2, 3, 4, 6 ppm
1 ppm (Note: use special diluting mix p.7for final
dilution
0.4, 1. 2, 3, 4, ppm

Diluting Table:

For

0.1
0.2
0.4
0.6
1.0
2
3
4
6
8

10
20
30
50

100

ppm standard, use .••.

0.5
1
1.5
2
3
4
5

10
15
25
50

ml of 1000 ppm stock, or ....
0.5
1
2
3
5

10
15
20

m1 of 100 ppm stock

Transfer stock solution to 500 m1 volumetric flask with a volumetric
pipette. Make to volume with double distilled water, except for Mo.

(4) High purity methanol
(1) Atomic absorption spectrometer
(2) Muffle furnace

Procedure for Ashing

(1) Weigh duplicate samples of an appropriate size into well-glazed
porcelain, "Vycor". or fused quartz crucibles.

(2) Ash samples and two blank crucibles at 4S0oC to a greyish white ash
that does not contain black lumps of carbon. This will take at least
4 or S hr for a S-g sample, and longer for larger samples. Ashing
time may be decreased by (a) removing the crucibles from the muffle
furnace after about 2 hr, (b) allowing them to cool, (c) dampening
the ash with high purity methanol to prevent it blowing out of the
crucible, (d) breaking up lumps of charcoal with glass rods, (e)
evaporating the methanol, and (f) completing the 8shing.
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(3) Check for completeness of ashing by dampening the ash with high
purity methanol; no charcoal should be under the surface layer of
8sh. If necessary. evaporate the methanol and complete ashing.

(4) When ashing 1s complete, cool crucibles) carefully add 2N Hel to thoroughly
wet the ash, evaporate to dryness on a hot plate at medium heat, then
bake for 5 min at high heat.

(5) Cool crucibles, add 5 ml of 2N HCl, and warm to dissolve ash.

(6) Filter into a 25 ml volumetric flask through Whatman #40 filter
paper that has been dampened with 2N HCl.

(7) Add another 5 ml of 2N Hel to the crucible, warm and filter into
same flask.

(8) Rinse crucible and filter twice with warm .01 N HCI.

(9) Make to volume with double distilled water; determine individual
elements, as follows.

Procedures for Individual Elements

All glassware must be scrupulously clean. It should be acid
washed by soaking for at least 2 hr in chromic acid or 1:1 cone. HCl:
distilled H 0, then thoroughly rinsed with distilled H O. If possible,
keep separa~e glassware for each analysis. Double dis~illed water should
be used to make all solutions.

Procedure for Iron

(1) Determine iron by atomic absorption spectroscopy immediately after
making the dissolved ash solution to volume, to avoid loss by
precipitation. If it is necessary to store solutions for any time,
refrigerate them. Turn the burner head on the spectrometer so that
the standard curve is linear.

(2) Calculate iron in ppm in sample by

Fe(ppm) & Fe(ppm in solution) x dilution factor.
For the undiluted solution of ash, the dilution factor is x 5.

Procedure for Zn

(1) Determine Zn in the dissolved ash solution by atomic absorption
spectroscopy. Use a fuel-lean air-acetylene flame to avoid flame
interference. To set flame conditions, light flame as usual and,
while aspirating water, turn down the acetylene flow to the point
where the absorbance signal at 3601.2A does not drop as acetylene is
decreased. (Caution: Do not turn acetylene below this point or
blow-back may occur.) Turn the burner head 50 that the standard
curve is linear.
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(2) Calculate Zn in ppm in foliage by

Zn(ppm) = Zn(ppm in solution of ash) x dilution factor.

For the ash of 5-g sample dissolved to make 25 ml, the dilution
factor is x 5.

Procedure for Mn

(1) Transfer 1 ml of the dissolved ash solution to a 50 ml volumetric
flask and make to volume with double distilled H20. (If desired.
this solution may be further diluted for analysis of K. Ca and Mg
as previously described (McMullan 1971, 1972).

(2) Determine Mn in this solution by atomic absorption spectroscopy.

(3) Calculate Mn in ppm in foliage

by Mn(ppm) m Mn(ppm in dilute solution)X(dilution factor).

The factor for the above dilution of the ash of a 5-g sample dissolved
to make 25 m1 is x 250.

Procedure for Copper

(1) If copper is to be analyzed in the same sample as the other elements.
proceed to step 4 below. If separate 10 g samples are ashed for
copper analysis only. ash at 5500 C to obtain a grey-white ash free
of carbon (check for completeness of ashing as in step 3 page 5).

(2) Cool crucibles, add 5 ml cone. HCI. boil for about 30 sec. and
filter through Whatman #40 filter paper. which has been dampened
with 2N HCI. into a 15 ml graduated test tube.

(3) Add 5 m1 2N HCI to crucible. heat to boiling and filter through same
paper. Make to 10 ml with 2N HCI. If the ash contains so much
insoluble silicate that the residue forms a gel which might retain
Cu. the sample may be sulphated before ashing as for Mo. step 1
page 8. and the ash dissolved as above.

(4) Determine copper in the solution of ash by atomic absorption spectroscopy.
Use scale expansion to give adequate sensitivity.

(5) Calculate Cu in ppm in foliage by

C ( ) ,Ce!u!.!(.lp~p~m~i!.!n,--",s!.!o.ol!.!u=-t.oio~n")Lx~v~o~l~um~e~o!.!f,--,s~o!.!l",u~t.=i!.!o!,n--=i!,n_m"""l
u ppm = - sample size in g

Procedure for Molybdenum

Molybdenum occurs at such low levels in many plants that the
concentration of Me in the solution of dissolved ash. prepared as described.
is below the limit of detection of Me by atomic absorption spectroscopy.
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If a more concentrated solution of ash is prepared. it will clog the
burner, because of the high concentrations of other salts. Consequently,
Me 1s separated from most of the other elements prior to analysis by
solvent extraction of the complex it forms with oxine (Butler and Mathews
1966). It 1s then concentrated by evaporating the solvent, digesting the
complex with nitric acid, and dissolving the residue 1n a small volume
of 2N Hel to which 2000 ppm Al has been added. The Al overcomes inter
ference by Ca, Fe, Mn and Mg (David 1961). Standards are prepared 1n a
matrix similar to the sample. The standards are dissolved in a solution
of acid of the same strength 85 that used to dissolve the ash. The acid
contains interfering elements. since small amounts of these will be
extracted with Mo. Standards are extracted in the same way as the sample,
and are also finally dissolved in acid containing Al to overcome interferences,

Reagents

(1) Diluting mix for preparation of Mo standards

- 10.8 g MnC12 '4H20

16.7 g CaC12

11.9 g MgC12

2.9 g FeC13·6H20

1,110 m1 of conc. (36%) HCl if separate samples are ashed for Xo,
or 516 ml of cone, (36%) HCl if He is determined from the sa~ple

used for the other elements,

Make to 3 L with double distilled H20. (Caution: when diluting, add
acid to water)

(2) 2N HCI

- 172 ml conc. (36%) HCl; make to 1 L with double distilled H
2
0

(Caution: Add acid to H20)

(3) 2N HCl containing 2000 ppm AI

- dissolve 1.8 g AlC1
3

'6H
2

0 in 100 ml of the above solution

(4) Oxine Reagent

- 115 ml glacial (99%)
H

2
0. (Caution: Add

acetic acid; dilute
acid to water)

to 1 L with double distilled

- dissolve 40 g of oxine (8 - hydroxyquinoline) in this solution, set
on stirrer for 1 hr

- add NH
4

0H drop-wise to a faint turbidity
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- add 10% acetic acid drop-wise to dispel the turbidity

- filter into an amber bottle

(5) NH
4

0H solution

- 400 rol cone. (28% NH 3) NH40H + 100 rol double distilled H20

(6) Methyl isobutyl ketone (E4-methyl 2-pentanone)

(I) Oil bath

(2) Atomic absorption spectrophotometer

Procedure

(1) If Mo is to be determined in the same sample as other elements,
transfer a 15-ml aliquot to a 125-ml separatory funnel. and make
to about 40 ml with 2N HCl, proceed to step 7.

If 8 separate sample is to be 8abed for Mo, weigh duplicate
15-g samples if Mo is expected to be 0.1 to 0.2 ppm, or duplicate
30-g samples if Me is expected to be <0.1 ppm, into Vycor. fused
quartz. well-glazed porcelain or platinum crucibles. Add 10 m1
of 1:1 high purity methanol: cone. H

2
S04 to a 15-g sample. or 20

ml to a 30-g sample. mix with a glass rod. evaporate HeOR on a
sand bath. and ash at 4000 c for 1 hr. Raise temperature to 5500 C
and continue ashing until a greyish white ash. containing no carbon.
is obtained (about 16 hr for a 30-g sample).

(2) Cool crucibles. add 10 ml cone. (36%) HCl; break up ash with a
glass rod. place on hot plate and boil for about 30 sec.

(3) Filter through Whatman #40 filter paper. which has been dampened
with 2N HCl. into a 50 ml erlenmeyer.

(4) Add 10 ml 2N HCl to the crucible. heat to boiling. pour through the
same filter.

(5) Repeat step 4 twice; make to about 40 ml with 2N Hel.

(6) Transfer filtrate to 125 ml separatory funnel. rinse erlenmeyer
with 2N Hel.

(7) Add 25 ml oxine reagent. shake well.

(8) Immediately, make to exactly pH 1.5 with NH40H solution.

(9) Add 15 ml methyl isobutyl ketone (4-methyl 2-pentanone), shake well.
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(10) Allow layers to separate for about 15 min.

(11) Drain and discard acqueous layer, decant upper organic layer into
a graduated 50 ml pyrex test-tube.

(12) Prepare standards by transferring with volumetric pipettes, O. 0.5.
1. 2, S. 10 and 15 ml of 1 ppm (lug/ml) Mo into seven 125 ml
separatory funnels. Make each to about 40 m1 with diluting mix.

(13) Extract standards as for samples. steps 7 to 11. Standards and
samples must be extracted at identical pH. or irregular extraction
of Me may occur.

(14) Place test tubes containing organic extracts 1n an all bath at
1250C. evaporate to dryness.

(15) Add 1 ml cone. (69%) HNO).

(16) Digest at 125°C for about 10 min. then evaporate to dryness at
1300 to 1500

•

(17) Make to 1.5 ml with 2N Hel containing 2000 ppm AI. swirl to dissolve
all residue in tube.

(18) Determine ug Mo in residue from samples by atomic absorption
spectroscopy. Use a fuel-rich nitrous oxide/acetylene flame; the
flame should be luminous. but not so fuel rich that the burner
carbons up extremely rapidly or that the absorbance signal noise
is bothersome. Use scale expansion to obtain adequate sensitivity.

(19) Calculate ppm Me in foliage by

Me ( m) _ ug }ok) in residue
pp - sample weight in grams

References

Butler, L.R.P. and P.M. Mathews. 1966. The determination of trace
quantities of molybdenum by atomic absorption spectroscopy.
Analytica Chimica Acta 36, 319-327.

David. D.J. 1961. The
spectroscopy.

determination of molybdenum by
Analyst 86, 319-327.

atomic absorption

McMullan, E.E. 1971. Methods of Analysis, Soils-Biochemistry Laboratory
Service. Can. Dept. Fish. For. Information Rep. BC-X-50.
49 pp.

McMullan. E.E. 1972.
Service, Part
56 pp.

Methods of Analysis. Soils Biochemistry Laboratory
II. Can. For. Service Information Rep. BC-X-67.
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llIIRD SECTION

Boron

For boron analysis, ash samples under alkaline conditions to
avoid volatilization losses (A.O.A.C' I 1970). The same sample may be
used for phosphorus analysis. The ash is dissolved and boron determined
calorimetrically. Bora-silicate glassware cannot be used for boron
determinations; either fused quartz, "Corexll or "Corning code 7280 glass"
apparatus may be used. "Vycor" brand glass, which contains 3% B

2
0

3
, has

also been recommended (Vogel 1962).

Reagents and Materials

(1) Saturated C8(0")2 solution

- add 1 L distilled. de-ionized H20 to 2 g C8(OH)2 in a plastic bottle
and Bet on shaker for 1 hr.

- filter into 8 plastic bottle.

- 10 ml cone. (95%) H280 made to 1 L with distilled, de-ionized
water. Store in plastic bottle.

(3) B Standards

- transfer exactly 2.860 g dry H3B03 to a I L volumetric flask,
make to volume with distilled de-ionized water. Transfer
immediately to a boron-free glass bottle for storage. This
contains 500 ppm B.

- For 0.5 ppm standard, transfer 1 ml of the above solution to alL
volumetric flask with a boron-free glass volumetric pipette.
For 2 ppm standard, transfer 4 ml of the above solution to alL
volumetric flask with a boron-free glass volumetric pipette.
For 5 ppm standard, transfer 10 m1 of the above solution to alL
volumetric flask with a boron-free glass volumetric pipette.
Make flasks to volume with distilled, de-ionized water, and transfer
immediately to boron-free glass bottles.

(4) Color Reagent DANGER: Strong acid

- dissolve 150 mgm 1, 1'-iminodianthraquinone (=1, 1'-dianthrimide)
to make 1 L in cone. (95%) H

2
S0

4
,

- transfer immediately to a boron-free glass bottle wrapped with
foil to keep the solution dark. Stopper tightly to exclude water
vapor.

(1) Spectrophotometer capable of operation at 625 om.

(2) Water bath.
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Procedure

(1) All pipettes and test tubes used for this analyses must be made of
boron-free glas8. Weigh duplicate 2-g samples of ground dried plant
material into fused quartz, "Vycor" or well-glazed porcelain crucibles.
Add 5 ml saturated Ca(OH)2 solution with a boron-free glass pipette.

(2) Prepare two blank crucibles by adding 5 ml saturated Ca(OH)2 solution
to two empty crucibles.

(3) Dry samples and blanks on a sand bath.

(4) Ash at 550°C to grey-white ash that does not contain carbon.

(5) Cool crucibles and add exactly 10 ml dilute H
2

S0
4

with a boron-free
volumetric pipette.

( 6) Swirl crucibles and warm slightly to dissolve Bsh.
samples to stearn, since the volume of solution must

Do not allow
not change.

(7) Filter through acid-washed filter paper into test tubes (boron free).

(8) Transfer 2 ml of filtrate to a test tube (boron free). (An aliquot
of the remaining filtrate may be further diluted and used for
phosphorus analysis as described previously, McMullan 1971.)

(9) Transfer 2 m1 of standards to boron-free test tubes. Include a
blank (2 m1 of distilled, de-ionized water).

(10) Add exactly 20 ml of color reagent.

(11) Stopper to prevent excessive absorption of water vapor and heat at
1000C for ~ hr in a safety screened water bath.

(12) Cool to room temperature.

(13) Read absorbance of samples and standards at 625 nm against the blank.

(14) Construct a standard curve and determine B in ppm in the dissolved
ash solution.

(15) Calculate B in ppm in foliage by

B(ppm) - B(ppm in dissolved ash) x dilution factor.

The dilution factor here 1s x 5.
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